The purpose of this study was to evaluate changes in the coronal alignment of the knee and ankle joints after open wedge high tibial osteotomy (OWHTO) to determine factors related to the recurrence (R) of the varus deformity by serial analysis. Materials and Methods: Sixtyfour OWHTOs were enrolled in this study. The weight bearing line (WBL) ratio, joint line convergence angle (JLCA), knee joint inclination, mechanical axistibial plateau angle, talar inclination (TI), and distal tibia articular angle (DTAA) were serially assessed. Serial correlation analysis between all parameters was performed. Patients were divided into R group and no recurrence (NR) group according to the WBL ratio (55%) at postoperative one year. Results: The preoperative WBL ratio showed significantly negative correlation with serial changes of JLCA, TI, and DTAA (p<0.05). The JLCA, TI, and DTAA as well as WBL ratio showed a significantly larger degree of varus alignment in the R group than in NR group at postoperative 6 weeks and 1 year after OWHTO (p<0.05). Conclusions: Sufficient correction of the WBL and restoration of the JLCA during OWHTO are essential to prevention of the R of varus deformity after the surgery because they are the only modifiable factors during surgery. known about the interaction between the factors and changes in the mechanical axis of the lower extremity. In addition, we still do not know how those factors affect R of the varus deformity 4, 10, 11) 
Introduction
Open wedge high tibial osteotomy (OWHTO) is generally ac cepted as one of the most useful surgical procedures for treating medial compartment osteoarthritis of the knee 17) . By changing the alignment of the knee joint from varus to valgus, an excessive medial load is shifted to the lateral compartment, which results in less degenerative changes 8) . Furthermore, the OWHTO could affect not only the alignment of the knee joint but also the align ment of the ankle joint 8) . Each deformity of the knee and ankle joint plays a role in de termining the overall alignment of the lower extremity. It seems likely that some compensatory changes occur at each joint in response to deformity of the other. Recognition of the compensa tory relationship between these joints and precise information about where they occur would provide guidance for knee defor mity correction 9) . However, one major issue after OWHTO is the recurrence (R) of varus deformity despite proper surgical correction for knee alignment within the generally acceptable range. Therefore, con cerns have arisen about various factors that might affect the re sults of operation, and the coronal alignment of the knee joint has been evaluated to investigate related factors 4, 10) . However, little is Does Coronal Knee and Ankle Alignment Affect Recurrence of the Varus Deformity after High Tibial Osteotomy?
. The purpose of this study was to evaluate changes in the fac tors associated with the coronal alignment of the knee and ankle joints after OWHTO to determine which factors are related to the R of the varus deformity by serial assessment. The hypotheses of this study were (1) serial changes in the parameters representing the coronal alignment of each joint would be interrelated and (2) there would be some factors affecting the R after OWHTO.
Materials and Methods

Demographics
From March 2014 to December 2014, a total of 60 consecutive patients (64 consecutive lower limbs) that underwent biplanar OWHTO with a mean age of 57±5.73 years were enrolled in this study. The OWHTO was performed in all patients under the diagnosis of varus medial compartment osteoarthritis. The inclu sion criteria for this study were selected from those described in the literature: (1) primary degenerative osteoarthritis (not in flammatory arthritis), (2) radiographic evidence of isolated me dial compartment osteoarthritis (KellgrenLawrence grade III or IV) in the knee joint, (3) concurrent varus deformity of the lower limb, and (4) failure of conservative treatments. Surgical indica tions included relatively active patients aged less than 70 years. Patients with mild patellofemoral arthritis were also included 12) . The exclusion criteria were as follows: (1) history of double os teotomy, (2) HTO for correction of the different pattern of the deformity, (3) secondary osteoarthritis such as posttraumatic ar thritis and sequelae of septic arthritis, (4) cases with the collapsed medial proximal tibial angle (MPTA) within postoperative 1 year due to a metal failure or a lateral hinge fracture. The Institutional Review Board approval was obtained before commencement of the study.
Surgical Technique
An approximately 5 cm incision is made longitudinally at the 1 cm anterior portion of the posterior crest of the tibia. This incision is more posterior than the usual incision because it al lows for easy insertion of a releaser and a protector. The interval behind the patellar tendon is now freed, and the insertion area of the tendon is protected using a retractor. Then, the superior bor der of the pes anserinus is incised, the medial collateral ligament is mobilized from the tibia, and a release is performed by inser tion of a periosteal elevator.
Release behind the posteromedial cortex of the tibia is typically done using gauge packing, which enables access to the more than half of the posterior cortex of the tibia. After removal of the gauge, the releaser is inserted through this interval and further release is performed by pushing the releaser until contact is made with the posterior cortex. If the tip of the releaser reaches the fibular head area, the protector is inserted at the interval between the posterior cortex and the releaser, and the releaser is removed.
With the help of anteroposterior (AP) Carm images, the tip of the protector is hooked to the target portion of the hinge located at the lateral cortex of the proximal tibia. Then, the cutting block is attached to the protector and pushed to the posteromedial cor tex of the tibia. If contact is made, the cutting block is tightened to the protector and guiding pins are inserted at the four holes of the cutting block 10) . Finally, sawing is performed; the main goal of this procedure is sawing of the posterior cortex. After removal of the protective cutting complex, Carm images are checked. . Usually, the target point of correction is around 62.5% (range, 55% to 65%) of the weight bearing line (WBL). In our patients, if the medial compartment showed severe degeneration, the target point was shifted toward a larger correction of approximately 65%.
Evaluations
INFINITT ver. 5.0.9.2 (INFINITT, Seoul, Korea) was used for all radiographic measurements. Standing AP weight bearing whole leg radiographs taken immediately after surgery and post operative 3 months, 6 months, and 1 year were used for the serial assessment. The WBL was serially evaluated and its correlation with other factors was investigated. R of the varus deformity was defined as the WBL ratio less than 55% in whole leg radiographs at 1 year after surgery because our target point of WBL ratio was adjusted 55%-65% (around 62.5%) according to the status of the medial compartment of the knee joint. To evaluate related factors, patients were divided into the R group (WBL<55%) or no recurrence (NR) group (WBL≥55%) according to the postoperative 1year WBL ratio. Therefore, we defined the R group as patients having a WBL ratio of less than 55% during postoperative 1 year followup. Parameters that showed statistically significant correlation with the WBL were compared between the two groups.
In the knee joint, preoperative and postoperative WBL, joint line convergence angle (JLCA), knee joint inclination (KI), and mechanical axistibial plateau (MATP) angle were evaluated. The WBL was drawn from the center of the femoral head to the center of the superior articular surface of the talus (Fig. 1) . To calculate the WBL ratio, the denominator was the width of the tibia, measured using a ruler, and the numerator was the tibial in tersection of the WBL (with the medial tibial edge at 0% and the lateral tibial edge at 100%).
To evaluate soft tissue laxity on the coronal plane, the JLCA
A B
Fig. 2. Talar inclination (TI) and distal tibia articular angle (DTAA). (A)
The TI is the angle between the horizontal line and the tangential line at the talar dome. (B) The DTAA is the angle between the horizontal line and the tangential line at the distal tibial plafond. was measured as the angle between the line connecting the dis tal femur and the proximal tibial articular surfaces (Fig. 1B) . If the apex of the JLCA was medial, it was recorded as positive (+) and denoted as varus; if it was lateral, it was recorded as negative (−) and denoted as valgus 10) . The KI was measured as the angle between a line horizontal to the ground and a line tangent to the tibial plateau, with the varus position considered a positive (+) angle (Fig. 1C) . The MATP angle was measured as the angle be tween the mechanical axis and a line tangent to the tibia plateau (Fig. 1D) . The varus position was considered a positive (+) angle.
In the ankle joint, the talar inclination (TI) angle and distal tibia articular angle (DTAA) were evaluated. The TI was measured as the angle between the superior surface of the talar dome and the horizontal line ( Fig. 2A) . The DTAA was measured as the angle between the surface of the tibial plafond and the horizontal line, with the varus position considered a positive (+) angle (Fig. 2B) .
In order to evaluate related factors, serial correlation analysis between all parameters was performed. The affecting factors, which were interrelated, were compared between the R and NR groups serially.
Statistical Analysis
SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses. A pvalue <0.05 was considered significant. To evaluate whether correlations exist between the WBL and other param eters in the serial assessment, Pearson's correlation analysis was performed. To compare between the R and NR groups, Student ttest or MannWhitney test was performed according to nor mality of data. Reliability of measurements was assessed by ex amining the intrarater and interrater reliability using intraclass correlation coefficients (ICCs). Two orthopedic surgeons in the clinical fellowship program working in the orthopedic depart ment performed the measurements twice at 2week intervals. 
Results
Interobserver and intraobserver reliability of the measure ments were satisfactory, with a mean ICC value of 0.79 (range, 0.7 to 0.87) and 0.9 (range, 0.82 to 0.93), respectively. The WBL was serially changed from 21.59±11.36 preoperatively to 62.16±8.39 immediately postoperatively, to 58.63±12.92 at 3 months postop eratively, to 55.59±12.72 at 6 months postoperatively, and then to 54.14±13.87 at 1 year postoperatively. On the correlation analysis of all related factors, the preopera tive WBL ratio was serially correlated with the preoperative and postoperative JLCA, TI angle, and DTAA continuously up to 1 year after surgery. The JLCA, TI angle, and DTAA showed sta tistically significantly negative correlations with the preoperative WBL at all times of assessment. However, the KI angle showed no statistically significant correlation with the preoperative WBL at any stages of the serial assessment. The MATP angle till 3 months after surgery was significantly correlated with the pre operative WBL; however, the correlation did not persist from 6 months after surgery (Table 1, Fig. 3) .
At one year after OWHTO, the R group and NR group com prised 17 knees (26%) and 47 knees (74%), respectively. The 
Discussion
The principal findings of this study were (1) the preoperative WBL ratio showed significantly negative correlations with the se rial changes of the JLCA, TI angle, and DTAA, (2) the incidence in the R group after OWHTO was 17 of 64 (26%) at postopera tive 1 year, and (3) the JLCA, TI angle, and DTAA showed more varus alignment in the R group than in the NR group at post operative 6 weeks and the difference persisted up to 1 year after surgery. Several studies have reported the correlation between HTO and coronal alignment. Lee et al. 10) compared the JLCA among pa tients divided into three different groups after HTO: the under correction group (WBL ratio, <57%), overcorrection group (WBL ratio, >67%), and acceptable correction group (WBL ratio, 57%-67%). The JLCA was measured before and after the surgery and compared between the R and NR groups. The pre to post operative difference in JLCA showed a stronger correlation than preoperative JLCA, pre to postoperative differences of the MA, and WBL ratio. However, there was a correlation between the JLCA and WBL ratio, and the JLCA of the R group was signifi cantly lower than that of the NR group. JLCA reportedly ranges between 0°-2° in normal persons 13) . In our series, more frequent R was observed in patients with JLCA exceeding 2 degrees. The result could imply that JLCA after correction may be a predictive factor of R.
Changes of the ankle joint after OWHTO have been studied. The ankle joint has a longer moment arm than the knee joint. Therefore, changes could be more prominent in the ankle joint than in the knee joint 4, 11) . However, deformities of the hip, knee, and ankle joints all play a role in determining the overall lower extremity alignment and it seems likely that some compensatory changes occur at each joint in response to deformity at the others. In addition, these changes could be different with time, as was evident in the present study. Therefore, it is necessary to evaluate the relation between joints and serial changes.
In this study, the WBL ratio at 6 weeks postoperatively was significantly lower in the R group than in the NR group. The insufficient correction of WBL ratio lasted up to 1 year after sur gery. Additionally, the insufficient correction of the JLCA of the R group at postoperative 6 weeks also lasted up to 1 year after surgery. The present findings indicate that surgeons should strive to obtain sufficient correction of WBL ratio, although the target WBL ratio of OWHTO could be acceptable from 55% to 65% ac cording to the patient's condition. In terms of JLCA, it is difficult to confirm whether the JLCA has been sufficiently corrected dur ing the surgery. However, sufficient correction of JLCA would be possible with a sufficient release of the contracted medial struc tures including full release of the medial collateral ligament in the first part of the OWHTO. Additionally, the pre and intraopera tive values of JLCA could be compared roughly with the Carm image by applying axial and valgus forces to the knee joint during OWHTO. Although the parameters of the ankle joint such as TI and DTAA also showed significant correlation with the preopera tive WBL at the serial followup, surgeons cannot apply surgical intervention to adjust the parameters measured in the ankle joint while performing OWHTO. Therefore, JLCA and WBL ratio are more important as the modifiable factors during OWHTO.
Regarding the parameters related to the coronal alignment, it can be suggested that the change of MPTA could be closely re lated to the R of the varus deformity. However, in this study, we excluded the cases with collapsed MPTA within postoperative 1year due to a metal failure or a lateral hinge fracture; we only in cluded the cases with wellmaintained MPTA after postoperative 1 year. This was because it was so intuitively obvious that the col lapsed MPTA would correlate with the R of the varus deformity. This study was intended to explain why the coronal alignment changed despite the wellmaintained bony correction; therefore, R of the varus deformity followed by the collapsed MPTA was beyond the scope of this study.
There are some study limitations that should be considered. First, changes were only evaluated in the knee and ankle joints although hip, subtalar, and foot deformity could also affect the overall alignment. In addition, deformity of the spine would also affect the alignment. However, it has been reported that align ment of the tibial plafond and hindfoot is variable, and talar tilt is regarded as the most important factor for good clinical results and treatment of osteoarthritis 14, 15) . In addition, there is a limit to check the spine and hip alignment separately. Second, the evalu ation only involved standing Xray. Dynamic kinematic evalua tion may provide a higher degree of accuracy compared with the 
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static measurement used in this study 9) . Third, serial assessment was only performed at postoperative 1 year. However, the basis of this evaluation is that serial alignment plateaued after 1 year in our previous study 5) . Forth, the causal relationship between the parameters is ambiguous. In this study, the changes in param eters such as KI, MATP angle, TI, and DTAA could be the cause or the result of the R after OWHTO. However, it is very difficult to verify whether these parameters are the cause or the result. Moreover, this paper is not intended to address the causal rela tionships between such parameters. Among those parameters, we recognized that the JLCA was an intraoperatively adjustable parameter. Finally, the serial change after OWHTO in this study was relatively larger than that in other studies. It may be attribut able to some outliers showing severe R. Additionally, the imme diate postoperative alignment may be inappropriate to evaluate the postoperative alignment due to the difficulty of standing with full knee extension.
Conclusions
Sufficient correction of the WBL and restoration of the JLCA during OWHTO are essential to prevention of R of varus defor mity because they are the only intraoperatively modifiable factors among those associated with varus R after OWHTO.
